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The critical curve of string tension as a function of the temperature is computed in SU(3) Lattice
QCD. We present the results for the string tension utilizing a pair of Polyakov loop and antiloop,
with two different techniques. We compare the colour averaged loop-antiloop which is gauge
invariant but is only adequate to study the string tension, and the colour singlet loop-antiloop
using the Landau gauge fixing which also enables to compute the coulomb part of the free energy.
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Figure 1: σ(T ) Bielefeld data and emprirical curve
1. Introduction and Motivation
The confinement/deconfinement transition and chiral symmetry restoration are non-perturbative
phenomena, elevant for heavy ion collisions and for quark models at finite temperature.
The nature of the confinement/deconfinement phase transition has been investigated in Lattice
QCD using as order parameter the Polyakov Loop. For quenched QCD, the lattice data points
towards first transition. However the single Polyakov loop is more adequate for detailed studies of
temperatures T > Tc.
Here we study the string tension σ , adequate to study temperatures T < Tc. In the formulation
of quark models [1], the value of the string tension σ determines the linear confining potential,
with σ 6= 0 in the confined, low temperature phase and σ = 0 above the critical temperature Tc
(deconfined phase). Further, chiral symmetry can also be related with σ [2].
Therefore, the string tension is also an order parameter for the deconfinement and chiral phase
transition, which can be measured via two Polyakov loops.
The Bielefeld lattice QCD group measured the quark-antiquark free energy in a wide range of
temperatures T > 0.8Tc and also measured the critical curve σ(T ) [3, 4]. In Fig. 1 we depict the
Bielefeld results, together with the empirical fit of Bicudo [5].
In order to understand the nature of the deconfinement phase transition, here we aim to mea-
sure σ(T ) also for temperatures smaller than 0.8Tc.
To generate our configurations and to compute the Polyakov loops, we utilize GPUs of the
NVIDIA FERMI generation [6, 7] and the TFlops cluster Milipeia [8].
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Figure 2: Color average free energy with the link integration method
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Figure 3: Color average free energy with the Landau gauge fixing
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Figure 4: Color singlet free energy with the Landau gauge fixing
2. Framework
We extract the string tension form the static quark-antiquark free energy. The free energy is
computed with a pair of Polyakov loop-antiloop. We explore two different color approaches to the
Polyakov loop-antiloop, defined in Table 1.
The color average Polyakov loop-antiloop pair, leading to the color average free energy is
gauge invariant, but at shorter distances the free energy may be contaminated by the color octet
contribution.
On the other hand, the Singlet Free Energy is the one we aim at, however it is composed by
the product of two non gauge invariant Wilson line, and in order to evaluate it we have to fix the
gauge, choosing a particular gauge. Here we use the Landau gauge.
In this poster we apply both the gauge invariant calculations color average technique and we
also utilize the Landau gauge technique.
We use the equation of the lattice spacing times the string tension at zero temperature, given
Polyakov Loop L(~r) = Ut(~r,0)Ut(~r,1) · · ·Ut(~r,Nt −1)
∝ exp(−Fq/T )
Singlet Correlator Re
{
Tr
[
〈L(~0)L†(~r)〉
]}
∝ exp(−F1(~r,T )/T )
Color Average Correlator 〈Re
{
Tr
[
L(~0)
]}
Re
{
Tr
[
L†(~r)〉]} ∝ exp(−Fave(~r,T )/T )
Singlet Free Energy F1(~r,T )
Octet Free Energy F8(~r,T )
Color Average Free Energy Fave(~r,T ) = 19 F1 +
8
9 F8
Table 1: Color average and color singlet free energies.
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Figure 5: σ(T ) for T ∈ 0.48Tc−Tc extracted with the color average free energy
by (
a
√
σ
)
(g) = f (g2)
[
1+0.2731 aˆ(g)2−0.01545 aˆ(g)4 +0.01975 aˆ(g)6]/0.01364 (2.1)
in Edwards et al. [9] valid in the region 5.6≤ β ≤ 6.5,
aˆ(g) =
f (g2)
f (g2(β = 6.0))
,
f (g2) =
(
b0g2
)− b1
2b20 exp
(
− 1
2b0g2
)
,
b0 =
11
(4pi)2
, b1 =
102
(4pi)4
(2.2)
Therefore, T/Tc is given by
T
Tc
=
(
a
√
σ
)
(g(βc))(
a
√
σ
)
(g(β ))
(2.3)
where βc was obtained in Lucini et al. [10].
The critical temperature [11, 12] Tc, in the quenched case is circa 270 MeV, for 2 flavour
dynamical fermions 170 MeV and for 3 flavour dynamical fermions150 MeV. Here we study the
critical curve σ(T ) in quenched SU(3) QCD.
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Figure 6: σ(T ) for T ∈ 0.48Tc−Tc extracted both with the color average free energy and with the color
singlet free energy
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Figure 7: Summary of ours and Bielefeld results for σ(T ) at T ∈ 0.48Tc−Tc
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3. Results and conclusion
Our results are preliminary results only, aimed at exploring the string tension critical curve
σ(T ) for finite temperatures below Tc, in particular for the so far unexplored T < 0.8Tc. We
illustrate the different free energies in Figs 2, 3 and 4.
The noise leads to quite large error bars in the string tension points of Figs. 5, 6 and 7. We
need to improve our signal to noise ratio, and to improve the precision of our temperatures, in order
to improve the study of the critical curve.
Nevertheless, our preliminary results show that it is possible to study the critical curve of
σ(T ) in a wider temperature range, and so far the empirical critical curve continues to show good
agreement with the expected values.
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